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This repert covers my work on the . following catalysts:
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0il Gracking Catalyst

Hydroforming Catalyst

Dehydration Catalyst for Butylene Production

Hydrogenation Catalyst for Cyclohexanol Production
Hydrogenation Catalyst for Hexanediol - 146 Production
Hydrogenation Catalyst for Isobutyl Dichloride Preparation
Dehydration Catalyst for Isoprene Production

Dehydration Catalyst for Adipie Dinitrile Production
Dehydration Catalyst for Toluene Production

racking Catalyst

(1)

The standard Leuna oil cracking catalyst was an alumina silica
catalyst, similar to the Houdry;oil eracking catalyst. Its
chemical composition was 1A1203% 9 510, which was just outside
the range of the Houdry patent. This patent was disregarded
during the war, and the silica content was increased to

1A:1203 * 10 8105,
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(2) The eatalyst was prepared in three steps, dach at a different

© . /plant.’ -Aetive silica; or.kieselgel; was prédused at Gsterode. in
8 plant of 8 - 10 metric tons/month capasity. The reguired
‘astive alumina was prepared at Leuna., The Kieselgel and active
alumine were combined . t Schkoelen, near Ostarfeldi, t¢ produce
the finished cdtalyst. : .

Q}); The kieselgel was prepared as follews: Sodiuwa siliscate solu-

- ¥iem, of 1.333 specific gravity, was miged with sufficieat 2
noramal sulfurio acid to provide a pH of 3.5 at a temperature not
exoesding 1590, :after which, by heating to 60 °="T709C, & gel wad.
formed. This gel was crumbled, vashed by decantation; dried at
120 .= 150°0, and ground in a ball mill to produce a white powder
of active silica or kieselgel. Ammoria vapors, encountered at

- any stage, would result in an inasctive silisca. S

(4) The active alumine was prepared as follows: A stirong solution of
. sodium aluminate, containing about 200 gm- 41303 liter, was pre-

pared from metallic aluminum and sodimm hydroxide solution, and
then mixed with smfficient 204 nitric asid to previde a PH of
5e57= 645 8t & temperature not exceeding 40°¢. The gelatinous
Precipitate of aluminum hydroxide; thus formed, was filtered smd
.washed in a filter prems, dried at 120 - 150“@,‘and;gxqggdginﬂn,
ball mill to produce a white powder of active alimina. It was
found that if the active alumina were peptized, by.the additicm
of about 2% of the mitric acid theorstisally reagquired to aonvert
all the alumina to aluminum nitrate, the strength and ectivity
of the finished catalyst would be increased, = . .

(5) At Sohkeelen the active alumina could be first peptised, or elme ..
. . knmeaded direotly; for 1 = 2 hours, with kieselgel and water. The .
resulting dough was extrmded into 6 mm diameter rods, whick were
formed, in a special machine, into spheres of 6 mm diameter..
After drying at 120°C, thess spheres were heated at 45090, fer 2
hours, in erder to obtain the desired mechanical properties, and
to assure denitration if the alumina had been peptized.

(6) 'The 6 mm diameter spheres of oil cracking ca alyst were white,
.-, . perous; hard, and yet could be bounced from .me floor to the
ceiling without fracture. This elastic behe 'ier was one reasos
for mechamical stadbility. The catalyst had v.long life, both as
regards mechanical siremgth and catalytis a¢ jivity. When re-
‘pleced after eix months; it was still stromg and quite eotive.

(7) Beosuss of thepe excellent properiies it was plennéd, as early
ag 1941, to erect a moving bed or Thérmofor oatalytic oracking
plant in Pressburg (Bratislava), Czecheslovakia, ‘A pilet plant
with fixed bed was erected south of Leuna, near Deuben, but
never put imte operation becanse sufficient catalyst was mot
availablae. . : ‘

(8) . 25X1X
at Osterode to.&seist Dr Hule, who was in chargé of the plant.
At that time the activity of the o0il cracking satalyst had.
sadly deteriorated. The cause was finally traced to the Leuna
produced alumina, which although still motive enough fer nse in
hydroforming and dehydration cstalyst, was no longer sufficieatly
aotive for use in the oil orasking catalyst. Before the prooce-
dure could be corrested, the territory was ecccupied by the Alliss

12 Nay 1945.
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(9) I have no knowledge of the erratic production of the o0il orsck-

.. Ing e¢atalyst plant. The catalyst worked well with the middle
petroleum fraction from Zistersdorf, Austria, which was used
in the laboratory unit.

,gxg;g;orning Catalxst

(1) The catalyst devaleped at Leuna for the dehydrsgenaiicn and con-

vorsion of paraffinic hydrocerbons into cyslis and arematie

 Hydrocarbons in the prasenee of hydrogen was compesad by weight

" of 90% Al,0x, 10% Meffl;. It was prepared on a laboratory ssale
by nixing itiad al ina with a solution containing molybdic
eoxide’ disselvaa in 25% ammonia solution, then evaperating, oven
drying at 120 - 180°C,. grinding, and pelleting to 9 x 9 mm
.oylinders. On 8 large scale it was prepared by spraying the

" emmenium molybdate solution on 9 x 9 mm cylinders of purified
slumina i &y sgglomeration drum, followed by dryimg at 120-180°C,
It vas used in & fixed-bed, full-scale plant, started up in 1942,
in Moosbierbaum, Austria; whers Rumanian oil was hydroformed at
15 atm to produca ‘basie stock for aviation fuels.

(2) I do not knov predustion figures for catalyst or oil plants.

a;g;gg!gggagion gatg;:gt for Butylene Production

{1) The Leuna dehydregenation catalyst for the preduetion of both
normal and iseobutyleme was composed by weight of %% 41503,
agg&cr and 2% K,0. It was prepared by treating alumina with
congegtrated solution of ochromic moid - potassium dichromate, .
followed by drying at 120 - 1809C, grinding, and pressing inte i
6 x 6 mn oylinders. s

(2) This catalyst was produced in the catalyst plant im southern
. .5 Leuna, and used i & pilot plant in northern Leuvna to converi
“'isobutans into 1nohutylenb by simply passing isobutene through
. the reastor at 450 - 480°C. After every 8 hours of operation,
- the catalyst was.regenerated by blowing with air to burn off
the coke.

(5) In late 1943, & moving=-bed full-zmcale plant, known as the DHD

. . plant, was ereoted in southern Leuns. The catalyst fell through
vertical tubes of silicon ohrome steel, dropping on horigontal
feeler-rods, attached to small square plates, on the reaotor
shell. The workman, by extending a small rod, or even & pencil,
from the square plate to his ear, could hear whether or not that
partioular tube was operating properly. The tubes were heated
by a gas-fired oven, with resyoling of fire gases to control the
temperature., The catalyst was discarded after 300 kg of isobu-
tylene had been produced per kg of catalyst.

(4) . I have no production figures for catalyst plant, pilot plant,
.. nor full-scale plant.

(5) The integration of the isobutylene plant was as follows: KNormal

. . butane, probably obtained by the hydrogenation of cocal using
tungsten oxide on clay or fullerts earth as catalyst was isomer-
ized at Leuna to iscbutane using aluminum chloride catalyst.
Isobutylene; prepared by isobutane dehydrogenation ae desoribed
abbove, was polymerized by sulfuric acid catalyst to form iso-
ootene. This was hydrogenated over nickel catalyst to form iso=-
ootane, which was blended with basic stock to preduce aviation
fuels. Later by the alkylation process with a sulfuric doid
catalyst, isocotane could be formed in one direct step by the
reaction of igobutane and iscbutylene.
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t for Cyclohexanol Production

(2)

(3)

- (4)

. Phé gtandard Leuna hydrogenation catalyst had the formuls compo-

sition 3§i ° 1lA1503, and was prepared as follows: nickel was
digested with.niirie scid, and aluminum with csustic soda, and
the résulting selutions. of nickel nitrate and sodium sluminate.
copreoipitated at a.pH of 5.5 = 6,5 at a temperature not exceed-
ing 40°C to form mixed nickel hydroxide and alumimum hydroxide,
which after filtration and washing in a filtex press was dried
at 180°C, ground in a ball mill, and pressed into 6 x 6 mm or

9 x 9 mm oylinders. The catelyst at this stage was given the
Leuna No 3390.

These cylinders wére then heated %o 400°C while exposed to a
stream of nitrogen, which was gradually replacad by hydrogen, and
after an 8-hour exposure to hydrogsm, at 400°GC, using 1,000 vols
umes of hydrogen per hour per volume of catalyst, the catalyst
was cooled to room temperaturs, maintaining a steady stream of
hydrogen. 1If exposed to air at this stage it would be completely

-deactivated, However, by replaecing the hydrogen first by a

stream of nitrogen, and then by air, only a small and controlled
amount of deactivation would result from the 0.2 = 0,5% of oxy-
gen contained in the commercial nitrogen. This scatalyst, Leuna
No 6523, could then be reactiveted in the reactor before use, by
heating in a .stream of hydrogen.

This catalyst was used for the hydrogsnation of phenol to scyolo-
hexanel, which could then be oxidized with nitric acid to form
adipic acid, an intermediate in the mamufasture of nylon. It was
algo used at Leuna as & catalyst for the production of heavy
water by lsotope exchange &t normal preasurs.

It is now being produced at Leuna at a rate of about 10 metrie

‘tons per months I do not know for what purpose since syclohexanol
.48 no longer produced at Leuna, Perhaps it is being sold.

Hydrogenation Catalyst for Hexanediol = 1, 6 Produetion

(1)

(2) .

(3)

This catalyst was & copper = barium ~ ohromite Homer Adkins
catalyest. It was prepared by mixing a solution of copper nitrate
and barium nitrate with = solution of ammonium diohromate to form
& precipitate which was washed and dried. It was then heated %o
2509¢ at whioh temperature the brown precipitate spontansously
ignited to preduce a black powder in which the chromate had been
reduced to chromite. This powder could be sotivated only by 104
acetisc acid, Following washing and drying, tha powder was formed
into finished 6 x 6 mm oylinders.

This catalyst was used to hydrogenate the athyl ester of adipile
acid to form hexanediol -~ 1,6 with ethanol and water by-products.
The hexanediol ~ 1,6 may be used as a dihydroxy alechol for
reastion with fatty acids to produsce lacquers like the alkydals,
or i1t may be used to produce esters which serve as lubricating
oils.

In 1941<42 a pilot plant was in operation in northern Leuna, in
Bldg 219 It produced about 5 = T kg per week of satalyst.
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=ation 'atal st for Isobut 1 Dighloride Pra aratian

(1) xhis oatalyat was a pure nickel catalyst, made at the. requeet of
DIr 8triegler, now. in Dzershinsk. It was preparsd from basie
nickel carbopate which was dried, rossted to a black powder,
pressed into-6 x 6 mm cylinders, and reduced with hydrogen st
2809¢ for 36 hoursy Ii was stored in toluene to prevent deacti-
vation with airs

(2) This catalyst was used for the hydrogenation’ of isabutylans Ye~qa
chloride to isobutyl dichloride. A low operating temperaiure
.about 1oo°c was required sc as not to displate the chlorine’

or hydrogenation of ethylene to ethane at temperatures as low
GB -80 Ce

Qggxgration Oatal;st for Isoprene Production

(1) This catalyst was eomposed of about 50% kieaelguhr, the remaine
der being alumina and phosphoric acid in properticns I deo not
recall. It was prepared by mechanically mixing and kneading the

. cénstituents to form a dough which was extruded inte 6 mm diam-
eter rods and roasted for one hour at 400 =~ 500°C, The final
product was brittle and could be broken to desired lengths.

(2) This catalyst was used in a pileot plant at Leuna for the produce
tion of isoprene from isobutylene and formaldehyde by a twoestage
process, The isobutylene and formaldehyde were first reacted at
room temperature in the presence of 20% sulfuric adid to form a
substituted dloxane intermediate, This intermediate, in the
pregence of the dehydration catalyst above, split and was dehy-
drated to form isoprene end water. A total of about.30 tons of

- . isoprene wam produced and sent to 3chkopau.

(3) The process worked well and was the subject of a patent.

Eggzdration Catelyst for Agigie Dinitrile Production

(1) In the early atagas of this work, boryl phosphate was used az &

.oatalyst. Later it was found that a catalyst of 50% kaolin and
50% tungsten oxide was betier, This latter catalyst was.prepared
by mixing the constituents with water or dilute ammonis solution
in a ball mill, to produce & thick slurrg ‘1ike wet plaster,

. whioh was eveporated, dried at about 1209C, and pressed inte

€ x 6 mm oylinders. If the kaolin had first been heated At -
-600°C for 2 hours, before mixing, an improvement in ecatalytio
notivity wes ¢bitained.

(2) This catalyst was used to produce adipie dinitrile by reaotien

. . of adipic acid and ammonia. Dr Dierichas, now at Leverkusen,
worked on this proosss. By hydrogenation over Raney oovbalt
catalyst, the preduct could be converted into hexamethylens
diamine, an intermediate for nylon production,

(3) A pilot plant, which later served as & small full-scale plant,
. wasg looated in northern Leuna, Its capacity was about 30 meirie
tons per nonth. )
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i. Dehydration Catalyst for Teluene Production

)

(2)

(3)

nesiun ox Wa8, prepared by &
oonatituents, followed by drying on an aluminum sheei at 120 -
1509¢. The aluminum reacted with the phosphorie acid, produsing
hydrogen, whioh resulted in an active and porous catalyst, gray
in color and irregular in size,

Fhis catalyst was prepared in a fullescale catalyst plant in
goutharn Leuna. It was used in BX1A
full-scale preduction plant at wWaldenburg, oilesia, where toluene
was prepared by the dehydration reaction of methanol with berzene,
acoording to the Witol process, Dr Marcus, now in DBuenos Aires,
wasg interested in this process. Unfar tunately, the catalyat

oaked during operation, and air compressors were often reguired
%o remove it. 48 a result, the process was very expensive.

The plant at Waldenburg had a capasity of 4,000 metric tons per
nonth of toluene, but is no longer produsing.

- end -
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